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Abstract
Research suggests that code-switching between two languages is possible because there is
nonselective access to both languages, i.e., both languages are interdependent and stored in a
shared lexicon. In this study, we used event-related brain potentials (ERPs) to measure the neural
processes associated with language access, in particular, the ERP components: N200 and N400.
Although previous studies have utilized these ERPs to investigate language access using
interlingual homographs, i.e., words that look the same in two languages but have different
meanings, these have focused on comparisons of monolingual and bilinguals. In contrast, we
used a design that looked at Spanish speakers who were early or late English learners, and had
high proficiency in both languages. We investigated if early learners can suppress their first
language (L1-Spanish) as efficiently as late learners. Both early and late highly proficient
Spanish-English bilinguals read sentences in their second language (L2-English) that contained
Spanish-English homographs. Further, the study used the amplitude of the N200 and N400
components to investigate whether participants used nonselective access to process homographs
or whether they rapidly translated from one language to the other. Participants integrated the
English meaning of the interlingual homographs with more ease (small, less negative N200 and
N400) than the Spanish meaning. Our findings suggest that early and late bilinguals process
interlingual homograph sentences in a similar fashion. Additionally, it has been suggested that
highly proficient bilinguals, regardless of age of acquisition, can alter which lexicon is accessed
faster because the strength of lexical connections increase with higher proficiency. Lastly,
bilingual word recognition involves a language nonselective processing system that may function
more or less selectively depending on task demands and linguistic context.
Keywords: language access, bilingualism, event-related potential, N200, N400
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Language Access in Early and Late Spanish-English Bilinguals:
An ERP Study
Over half of the world’s population is bilingual or multilingual (Marian & Shook, 2012).
In 2012, the European Commission conducted a survey and found that 54% of the European
Union respondents indicated being able to speak a language other than their native one. In 2016,
22% of the population of the United States over the age of five reported being able to speak a
language other than English (United States Census Bureau, 2016). After English, Spanish is the
most frequently spoken language in the U.S., it is used by 35.8 million Latinos and 2.6 million
non-Latinos (Pew Research Center, 2015). This number is likely to increase further, because the
Latino population is the largest minority group in the U.S. and is projected to triple in size, from
42 million to 128 million, by 2050 (Pew Research Center, 2008). Fifty percent of U.S. Latino
adults born to immigrant parents (2nd generation) are bilingual and 35% of foreign born (born
outside the U.S.) Latino immigrants and 23% of 3rd generation Latinos are bilingual. Therefore,
this study focused on Spanish-English bilinguals, more specifically Latino Spanish-English
bilinguals. Although bilingualism is very common, there is considerable variability in how
proficient a person may be in their second language. Factors such as age of acquisition and
immersion in the language affect language proficiency (Birdsong, 2014).
Bilingualism and Language Access
Previous bilingualism research has mainly focused on comparing fluent late bilinguals
(who learned their second language later in life) with monolinguals or with second language
learners who are less proficient in their second language; only a few studies (Kotz, 2001) have
addressed bilingualism in which two languages are learned simultaneously from birth (or very
early childhood) where there is equal proficiency in both languages (i.e., compound

LANGUAGE ACCESS, BILINGUALISM, ERP

5

bilingualism). Both compound bilinguals and less proficient bilinguals, are likely to engage in
code switching (Poplack, 1980), where they insert a word or phrase from one language into a
sentence in another language (Nicoladis & Genesee, 1997). Code-switching can occur
intrasententially (i.e., within a sentence) for example, “I left the tickets on the mesa (table).”
Switches can also occur intersententially (i.e., between sentences), e.g., “I have a test tomorrow.
Yo tengo que estudiar” (I have to study) during a conversation in English (Nicoladis & Genesee,
1997). Lopez and Young (1974) hypothesized that code-switching is possible because bilinguals
have nonselective access to both languages, i.e., both languages are interdependent and stored in
a shared lexicon, which allows for simultaneous activation of both languages during language
processing and production. This idea contrasts with the alternative earlier hypothesis of selective
access, which suggests that there is limited activation to one language at a time (Tulving &
Colotla, 1970). In selective access, the languages are stored in relative isolation from each other
and only interact when information is translated from one language to the other (Tulving &
Colotla, 1970).
Various models have been proposed to explain these different modes of lexical access,
most research supports (Brysbaert & Duyck, 2010; Kroll, Van Hell, Tokowics, & Green, 2010)
the Bilingual Interactive Activation Plus (BIA+) model, an update and extension of its precursor,
the BIA model, which suggests there is nonselective access of both languages via an integrated
lexicon (Dijkstra & Van Heuven, 2002). The BIA model hypothesized that words in either
language are analyzed by the bilingual as string of letters that are matched to known
orthographic word features in an integrated lexicon. The BIA+ model acknowledges that letter
strings simultaneously activate the orthographic and phonological representations of a word.
These two components then activate representations within semantic memory. Bilingual word
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recognition is therefore not only affected by its orthographic components, but also by its
overlapping phonological and semantic components (Dijkstra & Van Heuven, 2002). Under
conditions of immersion or when there are language-specific task demands, this initial bottom-up
phase of language nonselective access is followed by activation of top-down inhibitory
mechanisms that partially inhibit the non-target language (Grainger, Midgley, & Holcomb,
2010). Thus, the BIA+ model includes both bottom-up activation of language nodes and Green’s
(1998) top-down Inhibitory Control (IC) model that suggests task demands inhibit competition
between languages due to language-specific lexical activation. In contrast, the Revised
Hierarchical model (RHM) helps to explain how semantic stores are accessed in less proficient
bilinguals and suggests that word form is represented separately in the first (L1) and second (L2)
language and word meaning and concept are represented in a common conceptual system for
both languages (Kroll & Stewart, 1994). The L1 is thought to have privileged access to
conceptual representations, whereas the L2 requires mediation via the L1 translation equivalent
until enough fluency is acquired in L2 to access the meaning directly. This suggests asymmetric
strength in the links between words and concepts in L1 and L2 with connections from an L2
word to its equivalent in L1 being stronger than the link between an L1 word and its L2
equivalent. Likewise, the link between a word and its corresponding concept is stronger in L1
than in L2 (Kroll & Stewart, 1994).
Priming and Event-Related Potentials (ERPs)
In trying to test these models of language access, researchers have often utilized semantic
priming paradigms. These priming tasks operate on the premise that a prime word (e.g. boy) will
activate a number of related concepts in semantic memory and so if a related target word (e.g.,
girl) follows it is judged to be a word (lexical decision task) more quickly than if the target word
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is unrelated to the prime word, (e.g., spoon) (Van Heuven & Dijkstra, 2010). Similarly,
interlingual homographs (words that have the same orthographic form in two languages but
differ in meaning and often pronunciation in each respective language, e.g., pie is a food in
English but means foot in Spanish) have also been used within semantic priming studies.
Event-related potentials (ERPs) are small changes in electrical voltage generated in the
brain in response to specific sensory or cognitive events, such as reading a word or deciding
whether a string of letters make up a word (Luck, 2005). The ERPs are time-locked responses,
which can be extracted from electroencephalography (EEG) recordings by averaging sections of
EEG following repeated stimuli presentation. Given their high temporal resolution, ERPs
provide a more precise evaluation of the timing of neural processes than behavioral measures
such as reaction times (RTs) (Luck, 2005). The N200 and N400 are two ERP components of
extreme interest in bilingual language access research. The N200 is a negative-going brain wave
that is largest over the frontal areas of the brain and is elicited about 200ms after the presentation
of an auditory or visual stimulus. The N200 has been linked to orthographic and early semantic
processing. It is thought to be indicative of the initial activation of lexical representations in
memory based on sentence context, with activation of related words eliciting a less negative
potential than unrelated ones (Van Den Brink, Brown, & Hagoort, 2001). Thus, the N200 reflects
an early process in word recognition that precedes the later process of semantic integration. Later
negative potentials, such as the N400, are thought to reflect higher level semantic processing of
words (e.g., semantic integration). The N400 component is a negative-going wave that is largest
over the centro-parietal areas of the brain and peaks around 400ms after hearing or seeing a word
or picture (Kutas & Hillyard, 1980). The N400 amplitude indexes the relative ease of access
from semantic memory, that is, words that are more difficult to access and integrate elicit larger
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N400s. Accordingly, words that are incongruent within a sentence typically elicit a much larger
N400 than words that fit well (Kutas & Hillyard, 1980).
In trying to further understand the time-course of bilingual word recognition, Kotz (2001)
utilized RTs and ERPs in a single word lexical decision task. Participants were highly proficient
early Spanish-English bilinguals who acquired fluency in English before the age of four.
Participants completed a word naming task (English and Spanish) and a language questionnaire
to assess language proficiency. The thirty-two participants were randomly assigned to either the
Spanish (L1) or English (L2) condition, which determined the language in which the experiment
was conducted. They were presented with a list of 640 words (English/Spanish words and nonwords) and were instructed to respond “yes/si” if the word was an English or Spanish word and
“no” if it was not a word. Reaction times were not significantly different between the L1 and L2
conditions suggesting symmetrical activation of both languages. Likewise, the ERP data revealed
both groups showed equivalent N400 priming effects, thus suggesting that fluent bilinguals
access lexical representations in L1 and L2 very similarly. Also, the N400 similarities suggest
that L2 access is not achieved via L1, rather fluent bilinguals directly access lexical
representations in L2.
As explained in more detail below, studies utilizing interlingual homographs within
lexical decision tasks with highly proficient late second language learners support the notion of
nonselective access (De Bruijn, Dijkstra, Chwilla, & Schriefers, 2001; Dijkstra, Van Jaarsveld, &
Ten Brinke, 1998; Dijkstra, Timmermans, & Schriefers, 2000). However, these studies also show
that language access can become more language-specific, in that activation of one language can
become restricted or inhibited as a result of specific task demands and linguistic context.
Similarly, studies that have utilized event-related brain potential recordings to index the timing
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of neural processes associated with language access have reported that in highly proficient late
learners language access can be both similar across languages or restricted due to task demands
(Elston-Guttler, Gunter, & Kotz, 2005; Jouravlev & Jared, 2014; Kerkhofs, Dijkstra, Chwilla, &
De Bruijn, 2006; Kotz, 2001).
In a series of three lexical decision experiments, Dijkstra, Van Jaarsveld, and Ten Brinke
(1998) found that the reaction time to interlingual homographs in highly proficient late DutchEnglish bilinguals was dependent on task demands. In experiment 1, forty-one participants
responded to Dutch-English interlingual homographs, cognates (words that look the same and
have similar meanings in both languages), English control words, and non-words that were
presented one word at a time. Participants were instructed to make the appropriate mouse click
depending on whether the letter string was an English word or not. Participants reported over 10
years of experience with the English language. Participants responded significantly faster to
cognates than to control words. No significant differences in RTs were found between
interlingual homographs and control words. The authors concluded that for cognates, the
semantic representation overlap between languages facilitates the lexical decision response due
to stronger activation from both the target and non-target language. In comparison, the English
control words would only effectively activate one language and given the task demands
(processing for English words) semantic representation of the interlingual homographs was also
restricted to English only. In Experiment 2, they investigated whether including Dutch control
words in a similar study could activate both languages (i.e., increase activation of Dutch).
Twenty-four different participants were instructed to click one mouse button for “yes” to English
target words (as in Experiment 1) and the other for “no” to non-English words (Dutch control
words and non-words). Again, all participants were native Dutch speakers with high self-
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reported proficiency in English. Participants responded significantly more slowly to the
interlingual homographs compared to the control words. The authors concluded that the
inclusion of Dutch words increased bottom-up activation of the Dutch lexicon, which then
strongly inhibited the English lexicon. Participants could not identify the homographs as English
words without also identifying them as Dutch words thus slowing down the reaction to the
English meaning. Experiment 3 further investigated the effects of non-target language activation
when reading interlingual homographs. Twenty-eight different participants were instructed to
respond, “yes” if the words were either English or Dutch words and “no” if they were nonwords. Participants were native Dutch speakers with similar high proficiency in English as the
participants from Experiments 1 and 2 and completed the language questionnaire post study.
Participants responded significantly faster to the interlingual homographs compared to the
control words. Instructing participants to respond, “yes” to both the English and Dutch meaning
of the interlingual homographs facilitated processing. Participants only had to react based on the
first available reading of the interlingual homograph. The results of all three experiments suggest
that language processing can be affected by the degree of non-target language activation,
suggesting nonselective access. Additionally, task demands restricting access to one language
can cause inhibitory effects (experiment 2) due to an always active second language, while task
demands supporting dual language activation can cause facilitatory effects (experiment 3) due to
activation of both lexicons.
Single word behavioral and ERP measures have shown that language access among
highly proficient bilinguals is nonselective (Dijkstra et al., 1998; Kotz, 2001). To investigate
whether these results could be replicated in contexts other than single word presentations,
Kerkhofs, Dijkstra, Chwilla, and de Bruijn (2005) and De Bruijn, Dijkstra, Chwilla, and
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Schriefers (2001) utilized semantic priming pairs and triplets. Kerkhofs et al. (2005) recorded RT
and ERPs while highly proficient late Dutch-English bilinguals completed an L2 lexical decision
task to word pairs, and replicated the same general finding, confirming non-selectivity of
language access. The participants self-reported an average of 13 years of experience with the
English language. The 420 pairs of words were presented with an stimulus onset asynchrony
(SOA) of 400ms and consisted of interlingual homographs preceded by words (primes) that were
semantically related to the English meaning of the homograph but not the Dutch meaning, e.g.,
HEAVEN-ANGEL (Transl. sting), interlingual homographs preceded by words that were
semantically unrelated to the meaning of the homograph in either language (e.g., LAUNCHANGEL), regular English words preceded by semantically unrelated words (e.g., BUNCHPRIEST), and non-words preceded by semantically unrelated primes (e.g., AFRAID-GOBEY).
Participants were instructed to indicate via a mouse click whether the second word was an
English word or not. N400 priming effects were obtained for primed interlingual homographs,
i.e., when preceded by related primes, homographs elicited smaller N400 amplitudes than when
preceded by unrelated words. Likewise, faster RTs were obtained when the homograph was
preceded by a related word compared to when it was preceded by an unrelated word. This
indicated that although L1 was the dominant language, it did not interfere with the processing of
homographs in L2, thus because the task was in English (L2) semantic access to L1 words was
inhibited. This is consistent with the BIA+ model, which suggests that top-down influences
determine which language a person chooses to use and which one inhibit, and that cues for this
are provided from the context in which words are presented.
De Bruijn et al. (2001) also found support for nonselective language access and the BIA+
model in highly proficient Dutch-English bilinguals using a paradigm with interlingual
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homograph primes in a lexical decision task when words were presented in triplets. Although the
language of the first word (Dutch [L1] or English [L2]) was designed to set the context for
processing the following interlingual homograph and subsequent English target, priming
occurred when the English meaning of the homograph was related to the target, regardless of the
language of the first word. However, this may have been because participants were asked to
make the same response when all the stimuli were words in Dutch or English. The participants,
who self-reported more than eight years of experience speaking English, saw 312 sets of triplets
consisting of words and/or non-words. In the critical triplets, the first word (S1) was either an
English (e.g., HOUSE) or Dutch word (e.g., NEUS [nose]) which was designed to implicitly
prime the language for that triplet. This was then followed by an interlingual homograph (S2,
e.g., ANGEL [sting]) and the final word in English (S3), which was either unrelated (e.g.,
BUSH) or related (HEAVEN) to the English meaning of the homograph. The first and second
words in each triplet were presented together on the same screen followed by the third word.
Participants responded “yes” after the presentation of the third word if all the words were Dutch
or English words and “no” if one or more of the words was a nonword in either language.
Participants reacted faster and produced smaller N400 amplitudes to S3 words that were related
to the interlingual homographs compared to ones that were unrelated, regardless of the language
of the first word in the triplet. In other words, the interlingual homograph facilitated access to the
related S3 word. These results suggested that setting up an L1 language context did not have the
power to suppress L2. A criticism of this research is that two words may not create sufficient
context to prime a particular language and that this phenomenon may not extend to sentences.
Furthermore, the stimulus onset asynchrony (SOA) between S2 and S3 words was 400ms which
may have encouraged the use of controlled (including translation) rather than automatic
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processing. To address these issues, Elston-Guttler, Gunter, and Kotz (2005) utilized full
sentences with short SOAs (250ms) to investigate the phenomenon in German-English
bilinguals.
In contrast to Kerkhofs et al. (2005) and De Bruijn et al. (2001), Elston-Guttler et al.
(2005) found that watching a film in a native language (German) helped prime participants to
subsequently preferentially access the German meaning of German-English interlingual
homographs at the end of English sentences, which then primed the German meaning of the
following related English target. In contrast, watching a film in English eliminated this effect.
The native German-speaking participants (mean age = 23 years) were proficient in their second
language, English, with an average age of acquisition of 12 years of age. Proficiency was
assessed with a self-report language questionnaire, but also included more objective measures
than previous studies including a vocabulary test, and comprehension test. To control for
proficiency effects, participants were divided into high and low proficiency groups based on
months spent abroad in an English-speaking country. To prime participants to think in their
native or second language they saw either a German or English 20-minute narrated film. They
then read sentences in English in which the final word was a German-English homograph. Each
sentence was then followed by a target English word or a non-word. Participants had to press a
button to indicate whether the target was a real word in English or not (i.e., a lexical decision
task). There were three different types of targets, 1) English translations of the German-meaning
of the homograph, e.g., gift in German means poison so an example might be, The woman gave
her friend a pretty GIFT (prime) POISON (target), thus there would be priming of the target
word if the participant accessed the German meaning of the homograph, but not the English
meaning. 2) English words that were unrelated to the German meaning of the homograph, and 3)
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pseudowords, which were non-words that looked word-like but did not exist in English or
German, e.g., fage. Analyses of both reaction time (RT) and ERP data revealed no significant
main effect of proficiency, nor any significant interactions. Participants who watched the
German film had faster RTs for related targets compared to non-related targets, in the first block
of stimuli. Watching the movie caused the German meaning of the homograph to be more easily
accessible compared to the English meaning. Similarly, the N200 and N400 also showed priming
(i.e., smaller, less negative N200s and N400s for related compared to unrelated targets).
However, both RT and ERP effects were eliminated after the first block of the experiment. In
contrast, there was no priming (RT or N200 and N400) for participants who watched the English
film. The authors suggested that the presentation of the German film had set the threshold of
language activation in favor of L1 (lower threshold, more activation) compared to L2. The
subsequent task of reading L2 sentences then changed the amount of L1 activation that was
appropriate given the task demands. Hence, over the course of the experiment the threshold for
L2 activation decreased allowing for an increase in L2 activation. In contrast, participants who
watched the English film had threshold levels that favored L2 prior to the sentence presentation,
which facilitated L2 access. The results suggest that brief exposure to a native language makes
that language more likely to interfere with a second language, but this effect is only short-lived
because subsequent task demands can alter the degree of language activation (Elston-Guttler et
al., 2005).
Similar to Elston-Guttler and colleagues’ finding that homographs can be accessed in L1
during a predominantly L2 task (Elston-Guttler et al., 2005), Jouravlev and Jared (2014) also
found that Russian-English bilinguals activated their first language (Russian) while reading
sentences in English. Moreover, this phenomenon was present throughout the experiment,
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however their task differed in that they asked participants to indicate whether the sentence made
sense or not, rather than deciding whether a target word outside the sentence was a real word.
The native Russian-speaking participants self-reported high proficiency in their second language,
English, with an average age of acquisition of 13 years of age. Their responses were compared to
those of English monolinguals. The participants read English sentences that contained one of
three different types of critical words (shown in bold): 1) An English word that fit within the
context of the sentence: for example, The divers explored the wildlife in the deep sea for
scientific purposes, or 2) an interlingual homograph that was the Russian translation of the
English critical word, and thus was related to the rest of the sentence in Russian but not English,
e.g., They went to the Mediterranean mope (Russian word for sea) for fishing, or 3) an unrelated
English word that was not an interlingual homograph: e.g., Many fish in the open mace are
endangered. Participants pressed a button to indicate if the sentence made sense. The bilingual
group showed similar N400 amplitudes in response to the homographs and the English related
words, i.e., both produced priming (smaller amplitudes) relative to the critical unrelated words.
This suggests that the homographs were processed as fitting within the sentence context
regardless of being in a different language, as in code switching. For monolinguals, the
homographs had no alternative meaning and therefore the N400 amplitude for homographs and
unrelated words were similar, and the N400 for the homographs was larger (more negative) than
for the related English words. The monolingual participants identified the homographs as being
just as implausible as the English unrelated words due to their lack of knowledge of Russian. The
results indicated that for bilinguals, reading English sentences did not limit access to the meaning
of homographs in their first language. Both languages were equally activated regardless of the
language-specific context. An important limitation to this study is that comparisons were only
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made between monolingual and late bilingual participants. Additionally, the authors only
analyzed the N400 component however, the N200 effects could also provide important
additional information about the early timing of lexical access. These studies highlight the need
for further research investigating the differences between early and late bilinguals and how age
of acquisition and language proficiency may modulate the N200 and N400 elicited by
interlingual homographs.
Study Overview
To my knowledge, ERP studies thus far have mainly focused on comparisons of
monolingual and bilinguals who have learned their second language relatively late in childhood,
but to the best of our knowledge, no study has been conducted among bilinguals who differ in
the age of acquisition of their second language. Therefore, this study investigated the differences
that may occur in language access from learning a second language at two different time periods
(early and later in development). Additionally, with this design, we controlled for variables such
as language proficiency. Similarly to age of acquisition, language proficiency appears to be a
possible moderator of language access. Most studies (e.g., De Bruijn et al., 2001; Dijkstra et al.,
1998; Jouravlev & Jared, 2014; Kerkhofs et al., 2006), have utilized self-report to assess
language proficiency. In this study, similarly to Kotz (2001) and Elston-Guttler et al. (2005), we
assessed language proficiency using reading comprehension scores and picture identification
tasks in both languages.
The proposed study will allow us to investigate if early learners can suppress L2 as
efficiently as late learners. We are interested in knowing whether having high proficiency in both
languages is enough to efficiently suppress L2 when reading a homograph for which the L1
meaning fits the context of the sentence better than the L2 meaning? Also, do early and late
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learners show equivalent priming for L2 meanings of homographs as L1 meanings when they are
related to the context of the sentence as reflected by similar ERP components elicited by the
neural processes related to language access? Early learners have many more years of experience
in managing and utilizing both languages and reducing or even eliminating the interference
between languages and may therefore be more effective at this compared to late L2 learners.
Accordingly, in the current study we recruited Spanish-English bilinguals, who were
highly proficient in both languages, and who either learned English (L2) early (before the age of
8) or late (after the age of 12). Similar to the paradigm used by Jouravlev and Jared (2014),
participants read English sentences in which one of four types of critical words was embedded:
1) a Spanish-English interlingual homograph where only the Spanish meaning fit within the
context of the sentence, 2) a Spanish-English interlingual homograph where only the English
meaning fit within the context of the sentence (this sentence type was not included in the
previous study by Jouravlev and Jared), 3) an English word that fit within the context of the
sentence, or 4) an English word that did not fit within the context of the sentence. We compared
the amplitude of the (early) N200 and (later) N400 components to investigate whether
participants were using nonselective access to process the homographs or whether they were
rapidly translating from one language to the other. We hypothesized that late L2 learners would
have larger, more negative (and perhaps later) N200 and/or N400 amplitudes for the interlingual
homograph English condition than the interlingual homograph Spanish condition compared to
early L2 learners, reflecting that late L2 learners engage in translation from one language to the
other rather than a nonselective access of both languages.
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Methods
To ensure that all participants were highly proficient in both languages, the current study
was conducted in two parts. In Part 1, participants filled out self-report questionnaires and did
short language proficiency assessments, those who scored high on the language assessments and
who could be considered either early or late English learners, were then contacted to participate
in Part 2. In Part 2, participants had an electroencephalogram (EEG) recording to assess their
brain activity while they read different types of sentences on a computer screen.
Participants
All participants were recruited from John Jay College of Criminal Justice, City
University of New York, via the Psychology Department’s online Research Experience Program.
Participants were invited to participate in Part 1 of our study if they were 18 years or older,
fluent in both Spanish and English, and had no history of psychological and/or neurological
disorders. Both Part 1 and Part 2 participants received partial course credit in their Psychology
courses for their participation. All participants gave written informed consent before completing
each part of the study.
Part 1. One hundred and three participants completed Part 1. Their mean age was 19.7
years (SD = 2.7); range = 18-30. Participants were 86% female (n = 89) and 14% male (n = 14).
One hundred participants (97%) identified as Hispanic/Latino/Latina, 2 (2%) identified as Not
Hispanic/Latino/Latina, and 1 (1%) selected “Prefer not to say.” Participants who scored a 75%
or higher on the picture identification task (PIT) (both Spanish and English sections), Spanish
and English reading comprehension, and who reported becoming English fluent prior to the age
of 8 (early learners) or after the age of 12 (late learners) were invited to participate in Part 2.
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Part 2. Twenty-nine Spanish-English highly proficient early (n = 14) and late (n = 15)
bilinguals participated in Part 2. Participants in the early bilingual group had a mean age of 19.1
years (SD = 1.6); range = 18 - 23. Participants in the early group were 86% female (n = 12) and
14% male (n = 2). Participants in the late bilingual group had a mean age of 20.9 years (SD =
3.6); range = 18 - 29. Participants in the late group were 73% female (n = 11) and 27% male (n =
4). All participants identified as Hispanic/Latino/Latina. There was no significant difference in
the age at which participants reported becoming fluent in Spanish between the early (M = 5.7, SD
= 3.2) and late (M = 5.7, SD = 2.8) groups, F(1, 27) = .002, p = .967, ηp2 = .001. As intended,
there was a significant group difference in the age at which participants became fluent in
English, early (M = 5.4, SD = 1.3) and late (M = 14.3, SD = 2.7), F(1, 27) = 118.98, p < .001, ηp2
= .815. However, there were no significant differences between the groups in picture
identification task (PIT) scores in Spanish (Early: M = 96.7, SD = 6.3; Late: M = 99.1, SD = 2.3),
F(1, 27) = 1.99, p = .170, ηp2 = .069 or English (Early: M = 100, SD = 0; Late: M = 99.6, SD =
1.7), F(1, 27) = .931, p = .343, ηp2 = .033. Lastly, there were no significant group differences in
reading comprehension scores in Spanish (Early: M = 96.4, SD = 5.4; Late: M = 96.7, SD = 4.2),
F(1, 27) = .018, p = .895, ηp2 = .001, or English (Early: M = 86.3, SD = 8.4; Late: M = 85.6, SD
= 8.6), F(1, 27) = .057, p = .813, ηp2 = .002. Table 1 summarizes further participant information.
All participants had self-reported normal or corrected to normal vision.
Measures
Demographics Questionnaire. Participants reported age, gender, ethnicity, native
language, and the age they became English fluent (if not their first language), and any psychiatric
and/or neurological history that could have affected ERP recordings. Refer to Appendix A for
the full questionnaire.
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Language Experience and Proficiency Questionnaire (LEAP-Q; Marian, Blumenfeld,
& Kaushanskaya, 2007). The LEAP-Q (α = .85) was used to assess self-reported language
proficiency, age of acquisition, length of exposure, and usage of both languages. The
questionnaire consisted of 49 questions. The first portion of the questionnaire (questions 1-9)
asked about language dominance, order of language acquisition, the amount of language
exposure, the likelihood of using each language when reading and speaking, cultural identity,
and education. The second portion of the questionnaire was language-specific. Participants had
to respond to 20 items based on their use of Spanish and then again based on their use of English.
Three items asked about age when language acquisition began, age when language was fluent,
number of years and months in each language environment. Seventeen questions used a 10-point
Likert-scale to gather information about level of proficiency in speaking, understanding, and
reading in the language, how much factors such as interacting with friends, family, reading,
watching television contributed to learning the language, extent of current exposure to the
language in the context of interacting with friends, family, watching television, reading, and how
much of a foreign accent the participants thought they had in each language, (and how often
others identified them as a non-native speaker based on their accent in each language). See
Appendix B for the full questionnaire.
Spanish and English Picture Identification Task (PIT). To measure Spanish and
English vocabulary, we used a 15-item picture identification task. The pictures were selected
from stimuli created by Snodgrass and Vanderwart (1980) in accordance with the Spanish
standardization pictures (Sanfeliu & Fernandez, 1996). The pictures were black-and-white linedrawn images of simple objects. Participants were instructed to identify the images in both
Spanish and English and write their answers in the spaces provided underneath each image.
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Spanish and English Reading Comprehension Tasks. To assess Spanish and English
reading proficiency, we used excerpts from the latest New York State Regents Exams that were
freely available online (i.e., Comprehensive Examination in Spanish [New York State Education
Department, 2011] and Comprehensive Examination in English [New York State Education
Department, 2016]). The Spanish reading comprehension consisted of 2 long passages and 2
short passages and 12 comprehension questions. The English reading comprehension was 2 long
passages and 12 comprehension questions.
Interlingual Sentences. Participants read 240 English sentences in which critical words
within the sentences (to which the ERP was measured), were one of four types: 1) a SpanishEnglish interlingual homograph (IHS) in which only the Spanish meaning fit within the context
of the sentence, e.g., The young man has pain in his pie (transl. – foot), 2) a Spanish-English
interlingual homograph (IHE) in which only the English meaning fit within the context of the
sentence, e.g., She likes to eat pie, 3) an English (non-interlingual homograph) primed word that
fit within the context of the sentence (P), e.g., He climbed the tree with a rope, or 4) an English
(non-interlingual homograph) unprimed word that did not fit within the context of the sentence
(U), e.g., The house in the corner is dog. The critical word was mainly presented at the end of the
sentence, but for 43 sentences it was the antepenultimate word in the sentence. Each word was
presented in the center of the screen for 200ms with a stimulus onset asynchrony of 500ms. After
the presentation of each sentence, a question mark (?) appeared for 1s, followed by a probe word,
which was displayed for 6s or until the participant made a response. The probe word was either a
word repeated from the previous sentence or a new word. The critical words consisted of twenty
interlingual homographs and forty control words. We constructed 60 different sentences for each
condition and each homograph was used three times in the IHE and IHS sentences. In the two
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other sentence types, critical words were each used three times. The critical words did not
significantly differ across sentence types in frequency, F(3, 76) = 0.59, p = .62, ηp2 = .02, or
length, F(2, 57) = 0.18, p = .83, ηp2 = .01. The interlingual homographs had a frequency of 69.6
(SD = 111.8) for the Spanish meaning and 61.1 (SD = 91.8) for the English meaning and an
average length of 4.8 letters (SD = 1.2). The control words had a frequency of 74.1 (SD = 92.3;
length = 5.2) for the words used in the prime sentences and 67.4 (SD = 97.0; length = 5.2) for the
words used in the unprimed sentences. The 240 sentences were divided into eight blocks of 30
sentences (i.e., 10 per condition). The same critical word did not appear more than once per
block but appeared a total of three times throughout the experiment. Each block had an equal
number of each type of sentences (10 of each type). The same sentence was never repeated
throughout the experiment.
Procedure
Part 1: Screening procedures. After giving informed consent, participants filled out the
demographics questionnaire and LEAP-Q. Participants completed the Spanish and English
picture identification task. They also completed the Spanish and English reading comprehension
tasks. Participants who could be classified as early or late bilinguals with high proficiency in
both languages were then contacted to participate in the second part of the study (i.e., EEG
recording).
Part 2: ERP task. During the ERP task, participants sat 67cm from a computer screen
and silently read sentences that were presented one word at a time. Participants were asked to
press the left mouse button if the probe word was a repeat and the right mouse button if it was
not. This task was used to ensure that participants were attending to and reading the sentences
and prevents any response-related ERPs overlapping the ERP components of interest.
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EEG Recording
The electroencephalogram (EEG) was recorded from 62 scalp sites using an electrode cap
(Quikcap, Neuroscan) with a reference electrode positioned on the central midline. The
electrodes were arranged according to the International 10-20 system (Jasper, 1958). The signal
was acquired using a Neuroscan Synamps RT amplifier and SCAN 4.4 acquisition software.
Electrode impedances were maintained below 5 kΩ. The data was recorded and digitized at 1000
Hz with a bandpass of 0.01 to 30 Hz filter.
ERP Data Analysis
Offline data analysis was performed using Neuroscan SCAN 4.4 Edit software. Data
were re-referenced to averaged mastoids and epoched from 200ms prior to the critical word to
1000ms after it. Sweeps were baseline corrected using the 200ms interval prior to the critical
word onset. Artifact rejection excluded any sweeps with amplitude above or below 50 μV.
Individual averages were created for each stimulus type. Additionally, grand averages were
created for each stimulus type for early and late bilinguals. The N200 amplitude was measured
from 85ms to 145ms post stimulus presentation, 30ms on either side of the N200 (115ms) peak
and was measured at electrodes F1, FZ, F2, FC1, FCZ, FC2, C1, CZ, and C2. For the early
learners, the N400 amplitude was measured from 250ms to 450ms post stimulus presentation,
100ms on either side of the N400 (350ms) peak. On the other hand, the N400 amplitude for the
late learners was measured from 285ms to 485ms post stimulus presentation, 100ms on either
side of the peak (385ms). The N400 was measured at electrodes C1, CZ, C2, CP1, CPZ, CP2,
P1, PZ, and P2.
Statistical Analysis
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The study used a 4 (Sentence Type) x 2 (Language Group) mixed design. Therefore, we
used repeated measure ANOVAs with within-subject factors of Sentence Type (IHS, IHE, P, U)
and Electrode (9) and a between-subjects factor of Language Group (early, late) with N200 and
N400 amplitude as the dependent variables. Planned comparisons were used to compare N200
and N400 amplitudes across specific sentence types. We used Bonferroni adjustment for multiple
comparisons to follow up any interactions or main effects. Huynh-Feldt corrections were applied
when there were violations of sphericity. For ease of interpretation, we have reported the
uncorrected degrees of freedom along with the adjusted p-values.
Results
ERP Task Accuracy
Overall, participants responded to the probe word task with high accuracy (M = 95.6%,
SD = 3.3%) suggesting that they were indeed attending to and reading the sentences. There were
no significant group differences in accuracy between early (M = 96.8%, SD = 2.3) and late (M =
94.5%, SD = 3.7) bilinguals, F(1, 27) = 3.85, p = .060, ηp2 = .125.
N200 Amplitude
N200 scalp topographies showed similar activation for early and late bilinguals (see
Figure 1). ERP grand average waveforms at electrode Fz for each sentence type for both early
and late bilinguals are shown in Figure 2. There was a significant main effect of Sentence Type,
F(3, 81) = 10.893, p < .001, ηp2 = .287 for N200 amplitude. Pairwise comparisons revealed the
critical words in IHE sentences elicited smaller (more positive) N200 amplitudes than primed (p
= .044), interlingual homograph Spanish (IHS) (p < .001), and unprimed (p < .001) critical words
(see Table 2 for means and SEMs). The N200s elicited by the IHS and unprimed conditions were
not significantly different, p = .505. Neither were the N200s elicited by the primed and unprimed
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(p = .415) conditions and primed and IHS conditions, p = .992 The main effect of Sentence Type
was qualified by a significant interaction between Sentence Type and Group, F(3, 81) = 3.215, p
= .037, ηp2 = .106. However, there was no significant main effect of Group, F (1, 27) = .175, p =
.679, ηp2 = .006. In comparing sentence type separately for each group, there was a trend towards
IHS priming compared to the unrelated words within the early group (p = .080), but not the late
group (p = 1.00).
To further investigate the significant interaction between Sentence Type and Group, we
created three new variables: Prime-U, IHS-U, and IHE-U, by subtracting the ERP amplitude for
the unprimed condition from the other three conditions. Hence, the ERP to the unprimed
sentence type was used as a baseline. We then ran the ANOVAs separately for each group. This
yielded a significant main effect of Sentence Type among the early bilinguals, F(2, 26) = 9.420,
p = .002, ηp2 = .420. Pairwise comparisons revealed that the IHE-U condition (M = 1.515)
yielded a significantly larger N200 amplitude difference from baseline (i.e., more priming) than
both the Prime-U (M = .184), p = .009, and the IHS-U (M = .576), p = .002, conditions. There
were no significant differences between Prime-U and IHS-U sentences, p = .621. There was a
less robust main effect of Sentence Type for late bilinguals, F(2, 28) = 3.506, p = .048, ηp2 =
.200. Pairwise comparisons revealed that the IHE-U condition (M = .843) yielded a significantly
larger N200 amplitude difference from baseline than the IHS-U (M = -.061) condition, p = .016.
There were no significant differences between IHS-U and Prime-U (M = .660) sentences, p =
.288, and Prime-U and IHE-U sentences, p = .950.
N400 Amplitude
N400 scalp topographies showed similar activation for early and late bilinguals (see
Figure 1). Figure 3 shows the N400 at PZ, one of the electrodes used in the analyses. There was a
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significant main effect of Sentence Type, F(3, 81) = 28.551, p < .001, ηp2 = .514 for N400
amplitude. Pairwise comparisons revealed significant differences between N400s for the critical
words in the primed sentences compared to the other three sentence types. The primed condition
elicited significantly smaller (more positive) N400 amplitudes than unprimed (p < .001) and IHS
(p = .005) conditions, but significantly larger (more negative) N400s compared to the IHE
condition, p = .039. The N400s in the IHE condition were smaller (more positive) than the
unprimed condition, p < .001 and the IHS condition, p < .001. The IHS and U conditions did not
elicit significantly different N400s, p = .507. There was no significant interaction between
Sentence Type and Group, F(3, 81) = .212, p = .886, ηp2 = .008, and no significant main effect of
Group, F(1, 27) = .400, p = .532, ηp2 = .015.
Discussion
To investigate how language access may vary due to age of acquisition, we analyzed two
ERP components, N200 and N400, when early and late Spanish-English bilinguals read English
(L2) sentences with four types of critical words: 1) Spanish-English interlingual homographSpanish meaning congruent (IHS), 2) Spanish-English interlingual homograph-English meaning
congruent (IHE), 3) non-interlingual homograph related (primed) word, 4) non-interlingual
homograph unrelated (unprimed) word (U).
Our analyses of the N200 and N400 components in response to the non-homograph
control words revealed the presence of typical semantic priming for the N400 across our
participants. Regardless of group, the critical words that fit the context of the sentence (primed
condition) elicited smaller (less negative) N400 amplitudes compared to those that did not
(unprimed condition). Our results are congruent with the suggestion of others that N400
amplitude indexes the difficulty with which words are accessed and integrated from semantic
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memory (Van Den Brink, Brown, & Hagoort, 2001; Kutas & Hillyard, 1980). However, our
analyses of the ERPs to the homographs did not support our main hypothesis; we found no
evidence for group-related differences in the N400, and although there was a Group x Sentence
Type interaction for the N200, it did not reveal major differences in the ways that the groups
processed the homographs. Moreover, we found little evidence that L1 interfered with L2
language processing. The N200 and N400s elicited by homographs for which the English
meaning fit the context of the sentence were more positive than the unprimed condition,
suggesting that they were integrated within the context of the sentence with ease, presumably the
unrelated meaning in Spanish was easily suppressed. Indeed, for early (but not late) bilinguals
the priming effect relative to baseline for N200s to IHEs was even larger than for control primes,
suggesting that L1 was indeed very well inhibited. It is arguable whether there was evidence that
L1 was accessed for the IHSs; on one hand, the N200 priming effect relative to baseline was
larger for IHEs than IHSs, for both groups, but there was also no significant difference in the
priming effect between IHS and primed for either group. There was also a nonsignificant trend
towards IHS priming compared to unprimed observed in early bilinguals, but not late bilinguals.
This might suggest that early learners do not inhibit L1 as effectively as late learners because of
the years of experience managing both languages. Alternatively, it may be that for later learners
of English because Spanish is slightly more dominant, they have to recruit greater amounts of
inhibition, that come online earlier than in the early bilinguals.
Our results show that both early and late bilinguals accessed the English meaning of the
interlingual homographs with less difficulty than the Spanish meaning. As such our findings
contrast with those of Kotz (2001), who found evidence for equivalent levels of N400 and
reaction time priming in both L1 and L2 in early Spanish-English bilinguals. However, their
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paradigm was substantially different from ours. They used a between-subjects design such that
participants were assigned to either a Spanish or an English condition (without the use of
interlingual homographs). Furthermore, they utilized a single word lexical decision task. Thus,
the linguistic context of their study was very different to ours. The BIA+ model suggests that
nonselective language access can be influenced by task and linguistic context (Dijkstra & Van
Heuven, 2002). The fact that our task solely consisted of reading sentences in English may have
decreased activation of Spanish words. Furthermore, the fact that our participants go to school
and live in a relatively English-dominated language environment, suggests that the linguistic
context (the language environment in which the individuals were in prior to the study or cues that
add information to the recognition system that reduce activation of one of the languages) was
predominantly English. Our participants did report higher exposure to English (Early: 56%, Late:
58%) than to Spanish (Early: 42%, Late: 41%). Additionally, they reported a tendency to read
more in English (Early: 73%, Late: 61%) than in Spanish (Early: 27%, Late: 38%) which
suggests that their automatic response in tasks requiring reading may be “zoomed into English”
and less active in Spanish. In this study, the early bilinguals acquired both languages at relatively
the same time and have high proficiency in both languages. However, research suggests that
regardless of proficiency one language will typically be more dominant than the other (Heredia,
1997). “Dominant” is used to refer to the language that is used more frequently and not
proficiency differences. Although the early bilinguals identified Spanish as their native language
and English as their second language, it is possible for a bilingual’s second language to become
the more dominant language (Heredia, 1997). Given the English-dominant environment in which
the early bilinguals have lived, it is possible that English is their dominant language which leads
to faster lexical access in English.
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Our findings map more closely onto those of Elston-Guttler et. al (2005) who found that
late, but highly proficient German-English participants did not show L1 interference from
interlingual homographs when they were in a predominantly English context. Although they did
find that the group that watched a German-film before the priming experiment showed evidence
of L1 priming by interlingual homographs, in their study, this effect was short-lived; it was only
present during the first half of the study. Their results suggest that brief exposure to a more
proficient native language makes that language more likely to interfere with a second language.
Our participants included a group of highly proficient late bilinguals (similar to the participants
in Elston-Gutler et al.’s study) and it appears that exposure to their dominant second language
interfered with their native language. The BIA+ model considers level of proficiency to be a
factor that can alter the “default” language or the language that is initially accessed (Dijkstra &
Van Heuven, 2002). Therefore, extensive knowledge of an L2 can allow for tasks to be better
regulated and semantic context to be more effectively used. Additionally, high proficiency
allows for the bilingual to modulate L1 interference (Elston-Guttler et. al, 2005). Our all-L2 task
may have influenced participants to minimize L1 access.
Our analyses of the N400 component revealed that across participants, the IHE condition
elicited smaller (more positive) N400 amplitude than the IHS condition. Thus, both early and late
bilinguals integrated the English meaning of the interlingual homograph with less difficulty than
the Spanish meaning. These findings contrast with those obtained from Russian-English
bilinguals (Jouravlev & Jared, 2014) who showed evidence of L1 processing of interlingual
homographs. Participants showed equivalent amounts of N400 priming for non-homograph
words that fit within the context of English sentences, compared to homographs for which the
Russian meaning fit the context of the sentence. However, in their study, participants were asked
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whether the sentence made sense. In our study, this instruction was not explicit, in the IHS
sentences participants would have had to alternate between English and Spanish for the
sentences to make sense. Furthermore, we had four sentence types rather than three, which have
also increased the likelihood that Spanish was inhibited. Our findings are more in line with the
results reported by De Bruijn et al (2001) in late Dutch-English bilinguals. They found no
evidence of L1 interference when processing interlingual homographs, even when the first word
of the triplet was in Dutch. English target words (final word in triplet) that were related to the
English meaning of the preceding interlingual homograph elicited smaller N400 amplitudes than
unrelated target words, however, they did not use a condition where interlingual homographs
where the L1 meanings fit the context of the sentence as we did, and they used triplets rather
than sentences.
At first glance we were puzzled by our relative lack of group differences in interlingual
homograph priming, giving the difference in age of acquisition of L2. However, Van Hell and
Tokowicz (2010) have suggested that age of acquisition does not make a significant difference in
language access when both participants are equally proficient in both languages. Indeed, our
findings suggest that early and late bilinguals process interlingual homograph sentences in a
similar fashion. Additionally, it has been suggested that highly proficient bilinguals, regardless
of age of acquisition, can alter which lexicon is accessed faster because the strength of lexical
connections increase with higher proficiency (Heredia, 1997).
Overall, our findings suggest that regardless of age of acquisition, factors such as
language proficiency, task demands, and linguistic context can all influence nonselective
language access. Previous research has demonstrated nonselective language access among early
and late bilinguals separately. However, in this study we compared both early and late bilinguals’
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nonselective language access utilizing interlingual homographs and ERPs. Both groups
responded similarly to the interlingual homographs. IHE sentences elicited smaller (less
negative) N200 and N400 amplitudes than IHS sentences. Likewise, primed sentences elicited
smaller N400 amplitudes than unprimed sentences. Considering past and current research, it has
become evident that priming effects and translation direction are not fixed characteristics of
bilingualism. Bilingual word recognition involves a language nonselective processing system
that may function more or less selectively depending on task demands and linguistic context.
Limitations and Future Directions
One of our limitations is sample size (n = 29), although comparable to other studies in
this field a larger sample would allow for stronger comparisons between groups. Additionally,
we only used L2 sentences to analyze language access. It would be noteworthy to also included
L1 sentences and compare the effects of linguistic context when L1 and L2 sentences are
presented. Lastly, we used self-report measures and simple proficiency assessments to obtain
participant information regarding language proficiency, exposure, and usage. Self-report
measures always carry the risk of biased and dishonest responding. Likewise, our proficiency
assessments may have been too easy that not-so highly proficient bilinguals were able to partake
in the study.
Future research should investigate the differences in linguistic context thresholds between
L1 and L2 in compound bilinguals. Compound bilinguals are likely to acquire Spanish through
their parents and are less likely to have a thorough understanding of the grammatical rules in
Spanish. Hence, it would be interesting to see how compound bilinguals adjust when reading in
Spanish. Additionally, how it could compare to their linguistic threshold in English.
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Table 1
Means and (SD) of Self-reported Language Proficiency and Use for the Early and Late Groups

Level of English proficiency –
speaking1
Level of Spanish proficiency –
speaking1
Level of English proficiency –
reading1
Level of Spanish proficiency –
reading1
Current exposure to English –
reading1
Current exposure to Spanish –
reading1
Current exposure to English –
interacting with family1
Current exposure to Spanish –
interacting with family1
Current exposure to English –
interacting with friends1
Current exposure to Spanish –
interacting with friends1
Current exposure – English (%)2
Current exposure – Spanish (%)2
Percentage of times choosing to
read in English2
Percentage of times choosing to
read in Spanish2
Percentage of times choosing to
speak in English2
Percentage of times choosing to
speak in Spanish2

Early (n = 14)
9.64 (.63)*

Late (n = 15)
8.87 (.92)

8.71 (.83)*

9.40 (.83)

9.29 (1.1)

9.13 (.64)

8.36 (1.0)*

9.53 (.92)

9.50 (.65)

8.67 (1.63)

6.29 (2.73)

5.33 (2.66)

6.07 (2.56)*

3.47 (2.26)

9.79 (.58)

9.47 (1.06)

9.71 (.61)*

8.27 (1.94)

7.07 (2.56)

6.67 (2.69)

56.43 (12.16)
41.79 (12.03)
72.50 (16.50)

58.33 (15.43)
40.67 (15.45)
61.33 (18.47)

26.79 (15.39)

38.00 (19.35)

53.21 (14.62)

44.00 (23.24)

45.71 (14.39)

55.33 (24.46)

Note. * p < .05
1. Item used a 10-point Likert scale
2. Percentages may not total 100% because participants were allowed to report other languages.
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Table 2
Mean N200 and N400 amplitudes in µV (SE) elicited by the four sentence types for the Early and
Late Groups
N200
Sentence Type
Prime
Unprimed
IH – Spanish
IH – English

Early (n = 14)
-.039 (.493)
-.223 (.519)
.353 (.539)
1.292 (.533)

Late (n = 15)
.363 (.477)
-.297 (.501)
-.358 (.521)
.546 (.515)

N400
Early (n = 14)
.096 (.498)
-1.946 (.525)
-1.355 (.462)
1.082 (.465)

Late (n = 15)
.364 (.481)
-1.301 (.507)
-1.029 (.446)
1.204 (.449)
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EEG file: U_AVG_14SUB_E2.avg Recorded : 06:13:38 28-Nov-2008
Rate - 1000 Hz, HPF - 0.05 Hz, LPF - 200 Hz, Notch - 60 Hz
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Neuroscan
SCAN 4.4
Printed : 23:16:24 27-Nov-2008

+1 µV

+1.0

+0.8

+0.5

00:00:00.250+199 ms

+0.3

0

0

-0.3

-0.5

-0.8

-1.0

-1.3

-1.5

-1.8

-2.0

-2.3

-2.5

-2.8

-3 µV

-3.0

Figure 1. Scalp topographies for the N200 (left column) and N400 (right column) for the Early
(top row) and Late (bottom row) bilinguals when presented with the unprimed sentences.
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Figure 2. Grand averages of N200 amplitude at electrode FZ for the Early and Late groups.
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Figure 3. Grand averages of N400 amplitude at electrode PZ for the Early and Late groups.
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Appendix A. Demographic Questionnaire
Demographic Information
John Jay College of Criminal Justice
Date of birth (month/day/year): ______________________
Age (years/months): ______________________
Gender: _________________
Ethnicity (select one):
________ Hispanic/Latino/Latina
________ Not Hispanic/Latino/Latina
________ Prefer not to say
Race (select all that apply):
________ American Indian/Alaskan Native
________ Asian/Southeast Asian
________ Black/African-American
________ Middle Eastern
________ Native Hawaiian/Pacific Islander
________ White/Caucasian/European-American
________ Other (please identify: ___________________________)
________ Prefer not to say
Is English your first language? (circle one) Yes
No
Prefer not to say
If English was not your first language
What was your first language? __________________________________
At what age did you become fluent in English? _____________________
Were you born in the U.S.? (circle one)
Yes
No
Prefer not to say
If not, at what age did you move to the U.S.? ______________________________

Occupational Status (mark all that apply)
I am currently…
________ working at one or more full-time job(s)
________ working at one or more part-time job(s)
________ a full-time student
________ unemployed
________ retired
________ Prefer not to say
Vision: ________ I have 20/20 vision, no glasses or contacts needed
________ I have 20/20 vision with glasses or contacts
________ I have vision problems, but I do not wear glasses or contacts
(please describe: _______________________________________________)
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Psychiatric History (mark all that apply)
I have been diagnosed with and/or treated for…
________ Anxiety
________ Depression
________ Attention-Deficit Hyperactivity Disorder
________ Other (please specify: ______________________________________)
________ None
________ Prefer not to say
How current is your diagnosis/treatment? (select one)
________ I am currently diagnosed/I am currently being treated
________ I was diagnosed/treated within the past 3 years
________ I was diagnosed/treated 4 or more years ago
________ Not applicable
________ Prefer not to say
Neurological History (mark all that apply)
I have had…
________ One or more serious head injuries (e.g., concussion)
How long were you unconscious (“blacked out”) for? ____________________
________ One or more seizures
________ Another type of brain injury (e.g., stroke)
(please specify: __________________________________________________)
________ None
________ Prefer not to say
How long ago was your most recent head injury/seizure/brain injury? (select one)
________ Within the past 1 year
________ Within the past 3 years
________ 4 or more years ago
________ Not applicable
________ Prefer not to say
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Appendix B. Language Experience and Proficiency Questionnaire
Language Experience and Proficiency Questionnaire (LEAP-Q)

Language Experience and Proficiency Questionnaire (LEAP-Q)
Participant Code

Study Code

Today’s Date

Age

Date of Birth

Male

Female

(1) Please list all the languages you know in order of dominance:
1

2

3

4

5

(2) Please list all the languages you know in order of acquisition (your native language first):
1

2

3

4

5

(3) Please list what percentage of the time you are currently and on average exposed to each language. (Your percentages
should add up to 100%):
List language here:
List percentage here:
(4) When choosing to read a text available in all your languages, in what percentage of cases would you choose to read it in each of
your languages? Assume that the original was written in another language, which is unknown to you. (Your percentages should add
up to 100%):
List language here:
List percentage here:
(5) When choosing a language to speak with a person who is equally fluent in all your languages, what percentage of time would
you choose to speak each language? Please report percent of total time.
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(Your percentages should add up to 100%):
List language here
List percentage here:
(6) Please name all of the cultures with which you identify below (a-e). On a scale from zero to ten, please rate the extent to which
you identify with each culture. (Examples of possible cultures include US-American, Mexican, Puerto Rican, Argentinean,
Colombian, Dominican, Nicaraguan, Peruvian, Spaniard, etc.):
a) Culture: _______________
No

0

1

5
Moderate

identification

identification

Very low
identification

2

3

4

6

7

8

9

10
Complete
identification
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b) Culture: _______________
0
1
2
No
identificatio
n
Very low
identification
c) Culture:
_________

3

0
1
No
identificatio
n
Very low
identification

3

2

4

4

5
Moderate
identificatio
n

6

5
Moderate
identificatio
n

6

5
Moderate
identificatio
n

6

5
Moderate
identificatio
n

6

7

8

9

10
Complete
identification

7

8

9

10
Complete
identification

d) Culture:
_________
0
1
2
No
identificatio
n
Very low
identification
e) Culture:
_________

3

0
1
No
identificatio
n
Very low
identification

3

2

4

4

7

8

9

10
Complete
identification

7

8

9

10
Complete
identification

(7) How many years of formal education do you have? ______________________________________
Please check your highest education level (or the approximate US equivalent to a degree obtained in
another country):
Less than High School

Some College

High School
Professional Training

College
Some Graduate School

Masters
Ph.D./M.D./J
.D.
Other:
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(8) Date of immigration to the USA, if applicable ____________________________________________
If you have ever immigrated to another country, please provide name of country and date of immigration here.
___________________________________________________________________________________
(9) Have you ever had a vision problem
? (Check all applicable).

, hearing impairment

, language disability , or learning disability

If yes, please explain (including any corrections):
___________________________________________________________________________________
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Please answer the following questions related to your use of Spanish.
Language: Spanish
This is my (

native

second

third

fourth

fifth

) language.

Age when you…
became fluent in this
language:

began acquiring this
language:

began reading in this
language:

became fluent
reading
in this language:

Please list the number of years and months you spent in each language environment:
Years
Months
A country where this language is spoken
A family where this language is spoken
A school and/or working environment where this language is spoken
Please circle your level of proficiency in speaking, understanding, and reading in this language:
Speaking
0
None

1

2

Very low

Low

3

4
Slightly
Fair less
than
adequate

5
Adequat
e

6
Slightly
more
than
adequate

5
Adequat
e

6
Slightly
more
than
adequate

5
Adequat
e

6
Slightly
more
than
adequate

7

8

Good Very good

9

10

Excellent

Perfect

Understanding spoken
language
0
None

1

2

Very low

Low

3

4
Slightly
Fair less
than
adequate

7

8

Good Very good

9

10

Excellent

Perfect

Reading
0
None

1

2

Very low

Low

3

4
Slightly
Fair less
than
adequate

7

8

Good Very good

9

10

Excellent

Perfect

Please circle how much the following factors contributed to you learning this language:
Interacting with friends
0

1

Not a
Minimal
contributo
r
contributor

2

3

4

5

6

7

8

9

Moderate

10
Most
important

contributor

contributor
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Interacting with
family
0

1

2

3

4

Not a
Minimal
contributo
r
contributor
Readin
g
0

1

2

3

4

Not a
Minimal
contributo
r
contributor
Language tapes/selfinstruction
0

1

Not a
Minimal
contributo
r
contributor

2

3

4

5
Moderate

10
Most
important

contributor

contributor

5

6

contributor

contributor

7

8

9

Moderate

6

7

8

10
Most
important

5

6

7

8

9

9

Moderate

10
Most
important

contributor

contributor
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Watching TV
0

1

2

3

4

Not a
Minimal
contribut contributo
or
r
Listening to the
radio
0

1

2

3

4

Not a
Minimal
contribut contributo
or
r

5
Moderate

10
Most
important

contributor

contributor

5

6

6

7

7

8

8

9

9

Moderate

10
Most
important

contributor

contributor

Please circle to what extent you are currently exposed to this language in the following contexts:
Interacting with friends
0

1
Almost
Never
Never
Interacting with
family
0
Never

1
Almost
Never

2

2

3

3

4

4

5
Half of the
time

6

5
Half of the
time

6

5
Half of the
time

6

5
Half of the
time

6

5
Half of the
time

6

5
Half of the
time

6

7

8

9

10
Always

7

8

9

10
Always

Watching TV
0

1
Almost
Never
Never
Listening to
radio/music
0
Never

1
Almost
Never

2

2

3

3

4

4

7

8

9

10
Always

7

8

9

10
Always

Reading
0

1
Almost
Never
Never
Language-lab/selfinstruction
0
Never

1
Almost
Never

2

2

3

3

4

4

7

8

9

10
Always

7

8

9

10
Always
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In your opinion, how much of a foreign accent do you have in this language?
0
None

1

2

3

Almost
none

Very
light

Light

4

5

6
7
Considerabl
Some Moderate
e Heavy

8
Very
heavy

9

10
Pervasiv
Extremely
e
heavy

Please circle how frequently others identify you as a non-native speaker based on your accent in this
language:
0
Never

1
Almost
Never

2

3

4

5
Half of the
time

6

7

8

9

10
Always
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Please answer the following questions related to your use of English.
Language: English
This is my (

native

second

third

fourth

fifth

) language.

Age when you…
became fluent in this
language:

began acquiring this
language:

began reading in this
language:

became fluent
reading
in this language:

Please list the number of years and months you spent in each language environment:
Years
Months
A country where this language is spoken
A family where this language is spoken
A school and/or working environment where this language is spoken
Please circle your level of proficiency in speaking, understanding, and reading in this language:
Speaking
0
None

1

2

Very low

Low

3

4
Slightly
Fair less
than
adequate

5
Adequat
e

6
Slightly
more
than
adequate

5
Adequat
e

6
Slightly
more
than
adequate

5
Adequat
e

6
Slightly
more
than
adequate

7

8

Good Very good

9

10

Excellent

Perfect

Understanding spoken
language
0
None

1

2

Very low

Low

3

4
Slightly
Fair less
than
adequate

7

8

Good Very good

9

10

Excellent

Perfect

Reading
0
None

1

2

Very low

Low

3

4
Slightly
Fair less
than
adequate

7

8

Good Very good

9

10

Excellent

Perfect

Please circle how much the following factors contributed to you learning this language:
Interacting with friends
0

1

Not a
Minimal
contributo
r
contributor

2

3

4

5

6

7

8

9

Moderate

10
Most
important

contributor

contributor
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Interacting with
family
0

1

2

3

4

Not a
Minimal
contributo
r
contributor
Readin
g
0

1

2

3

4

Not a
Minimal
contributo
r
contributor
Language tapes/selfinstruction
0

1

Not a
Minimal
contributo
r
contributor

2

3

4

5
Moderate

10
Most
important

contributor

contributor

5

6

contributor

contributor

7

8

9

Moderate

6

7

8

10
Most
important

5

6

7

8

9

9

Moderate

10
Most
important

contributor

contributor
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Watching TV
0

1

2

3

4

Not a
Minimal
contribut contributo
or
r
Listening to the
radio
0

1

2

3

4

Not a
Minimal
contribut contributo
or
r

5
Moderate

10
Most
important

contributor

contributor

5

6

6

7

7

8

8

9

9

Moderate

10
Most
important

contributor

contributor

Please circle to what extent you are currently exposed to this language in the following contexts:
Interacting with friends
0

1
Almost
Never
Never
Interacting with
family
0
Never

1
Almost
Never

2

2

3

3

4

4

5
Half of the
time

6

5
Half of the
time

6

5
Half of the
time

6

5
Half of the
time

6

5
Half of the
time

6

7

8

9

10
Always

7

8

9

10
Always

Watching TV
0

1
Almost
Never
Never
Listening to
radio/music
0
Never

2

1
Almost
Never

2

1
Almost
Never

2

3

3

4

4

7

8

9

10
Always

7

8

9

10
Always

Reading
0
Never

3

4

7

8

9

10
Always
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Language-lab/selfinstruction
0
Never

1
Almost
Never

2

3

4

5
Half of the
time

6

7

8

9

10
Always

In your opinion, how much of a foreign accent do you have in this language?
0
None

1

2

3

Almost
none

Very
light

Light

4

5

6
7
Considerabl
Some Moderate
e Heavy

8
Very
heavy

9

10
Pervasiv
Extremely
e
heavy

Please circle how frequently others identify you as a non-native speaker based on your accent in this language:
0
Never

1
Almost
Never

2

3

4

5
Half of the
time

6

7

8

9

10
Always

